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The problem. The e f f e c t s  of microwave r a d i a t i o n  on 
-t h e  i n f e c t ~ v i t y  of T r i c h i n e l l a  s p i r a l i s  i n  young, whi t e ,  lab-  
o r a t o r y  m i c e  were s t u d i e d .  
P r o c e d u r e .  Mice were divided i n t o  two groups: 1) 
m i c e  r e c e i v i n g  i s o l a t e d ,  i r r a d i a t e d  l a r v a e  and 2 )  mice re -  
c e i v i n g  l a r v a e  which were i s o l a t e d  from i r r a d i a t e d  c a r c a s s e s .  
These two groups  were f u r t h e r  subdivided by t h e  t i m e  of  
microwave exposure  of t h e  l a r v a e .  Five weeks fo l lowing inoc- 
u l a t i o n ,  the diaphragms of mice were examined f o r  t h e  pres-  
ence  o f  T. s p i r a l i s  l a r v a e .  The number of l a r v a e  p r e s e n t  i n  
t h e  d i a p h r a g m s  were counted. 
F i n d i n g s .  I s o l a t e d  l a r v a e  exposed t o  microwave ra- 
d i a t i o n  for 1 2  seconds were rendered unable t o  reproduce i n  
mice,  a n d  t h e r e f o r e  non-infect ive.  I s o l a t e d  l a r v a e  exposed 
t o  r a d i a t i o n  f o r  8 seconds produced a  pronounced fewer num- 
b e r  o f  l a r v a e  than d i d  t h e  u n i r r a d i a t e d  c o n t r o l s .  Encysted 
l a r v a e  i n  mice c a r c a s s e s  which w e r e  i r r a d i a t e d  f o r  18 sec- 
onds  and t h e n  inocu la ted  i n t o  mice were unable t o  reproduce 
and w e r e  n o n - i n f e c t i v e .  Encysted l a r v a e  i r r a d i a t e d  f o r  1 4  
seconds  p roduced  a pronounced fewer number of i n f e c t i v e  l a r -  
vae  t h a n  d i d  t h e  u n i r r a d i a t e d  c o n t r o l s .  
Conc lus ions .  The encysted l a r v a e  a r e  s l i g h t l y  more 
r e s i s t a n t  t o  microwave r a d i a t i o n  than i s o l a t e d  l a r v a e .  Micro- 
wave r a d i a t i o n  i n h i b i t s  T .  - s p i r a l i s  from maturing and produc- 
i n g  l a r v a e  = 
Recommendations. Fur ther  s t u d i e s  should be done 
u s i n g  pork  t o  determine i f  the  r e s u l t s  obta ined  i n  mice apply 
t o  o t h e r  Warm-blooded animals.  A s tudy t o  determine i f  i r -  
r a d i a t e d  l a r v a e  a r e  unable t o  reach matu r i ty  o r  a r e  rendered 
s t e r i l e  when matu r i ty  i s  reached would be h e l p f u l  i n  under- 
s t a n d i n g  t h e  l i f e  c y c l e  and reproduct ive  c a p a b i l i t i e s  of 
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INTRODUCTION AND REVIEW OF THE LITERATURE 
The nematode Trichinella spiralis was discovered by 
James Paget in London, England in 1835, James owen described 
the in a paper in 1835 and gave it the name Trichina 
spiralis- I n  1896 the name was changed to Trichinella 
spiralis since Trichina had been used previously for a genus 
of ~iptera and also for a genus of beetles (Gould 1 9 7 0 )  . 
Some investigators recognize as many as three sub- 
species of T. - spiralis. They are identified as - T, spiralis 
spiralis, T. - spiralis nativa and - T. spiralis pseudospiralis. 
A scanning electron microscopy study shows na difference in 
surface morphology. The question of whether the epidemiology 
of trichinosis is complicated by the presence of more than 
one species has not been answered, and it is important that 
the nomenclature reflect this (Lichtenfels et al. 1983). 
T. - spiralis is a parasitic nematode found almost ex- 
elusively in warm-blooded carnivores. They are the cause of 
a condition known as trichinosis, which occurs as a result of 
the larval stage of T. - spiralis invading the skeletal muscle 
of the host animal. An animal usually acquires the infection 
by eating meat of another animal which contains the larvae. 
Trichinosis is widely found in Germany, Poland, 
Spa in ,  Hungary and the lower Danube countries 0 Occasional 
epidemic outbreaks occur in parts of Latin America and the 
United States (Faust et - 1975) 
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I n  1979 t h e s e  were 1 3 5  r e p o r t e d  cases of  t r i c h i n o s i s  
i n  the Un i t ed  S t a t e s  w i t h  on ly  one be ing  f a t a l .  S i n c e  1947 
t h e r e  h a s  been a  g e n e r a l  d e c l i n e  i n  t h e  number of cases o f  
t r i c h i n o s i s  which i s  p a r t i a l l y  due t o  a d e c r e a s e  i n  t h e  n w -  
b e r  o f  ga rbage  f e d  swine. I n  1979, 29 cases of  T.  s p i r a l i s  
- 
i n f e c t i o n s  were r e p o r t e d  i n  New Je r sey ,  27 i n  A l a s k a ,  and 2 2  
i n  L o u i s i a n a .  The Alaskan ou tbreak  was due t o  peop le  e a t i n g  
an i n f e c t e d  wal rus .  The Louis iana  ou tb reak  w a s  due t o  peo- 
p l e  e a t i n g  homemade sausage from a  garbage-fed p i g ,  which w a s  
a v i o l a t i o n  of  Louis iana  law. Over t h e  p a s t  f i v e  y e a r s ,  
1975-1979, Alaska ,  Iowa, New J e r s e y ,  Connec t icu t  and Rhode 
I s l a n d  have had t h e  h i g h e s t  mean annual  i nc idence  rates. 
Iowa i s  i n  t h i s  group due t o  a  1 9 7 5  outbreak  v h i c h  w a s  t h e  
largest s i n g l e  source  ou tbreak  i n  history. A l a s k a ' s  h i g h  
i n c i d e n c e  i s  probably due t o  t h e  consumption o f  b e a r  and wal- 
r u s  m e a t .  Swine, wa l rus ,  and b e a r s  a r e  t h e  an imals  most 
commonly i n f e c t e d  (Center  f o r  Disease  Con t ro l  1 9 7 9 ) .  
An ou tb reak  of l o c a l  i n t e r e s t  occu r red  i n  December 
1975 i n  which 73 people  w e r e  diagnosed a s  having t r i c h i n o s i s  
i n  n o r t h e a s t  Iowa. These p a t i e n t s  were among 2 4 2  peop le  who 
had e a t e n  homemade produced porkJvenison sausage .  I t  w a s  
e s t a b l i s h e d  by l a b o r a t o r y  tests t h a t  t h e  pork w a s  i n f e c t e d  
w i t h  - T. and t h e  pork du r ing  cooking and smoking had 
r e a c h e d  t empera tu re  of  on ly  5 1 . 7 ' ~  (Center  f o r  D i sease  
C o n t r o l  1 9 7 6 ) .  
The l i f e  c y c l e  of - T. spiralis i s  unique f o r  nematodes 
3 
i n  t h a t  a l l  s t a g e s  a r e  wi th in  a  warm-blooded animal. When 
a c a r n i v o r e  e a t s  muscle of an i n f e c t e d  animal, t h e  l a r v a e  
c o n t a i n e d  w i t h i n  t h a t  muscle a r e  re leased  a s  d i g e s t i o n  o f  t h e  
muscle  o c c u r s ,  The l a rvae  then invade +die i n t e s t i n a l  mucosa, 
u s u a l l y  i n  t h e  duodenum (Faust e t  a l .  1 9 7 5 ) .  The l a r v a e  
proceed through a  s e r i e s  of four  molts u n t i l  sexual  m a t u r i t y  
i s  reached  (Kozek 1 9 7 1 1 ,  Copulation t akes  p lace  approximately 
4 0  h o u r s  a£ t e r  i n g e s t i o n  has occurred (Gould 19701 . By t h e  
6 t h  t o  7 t h  day a f t e r  inges t ion ,  l i v e  Larvae a r e  r e l e a s e d  by 
t h e  female which reach t h e  rnesenteric venules  (Gould 1370)  
o r  lympha t i c s  and become d i s t r i b u t e d  v i a  t h e  blood s t ream 
i n t o  t h e  p e r i p h e r a l  blood c a p i l l a r i e s  where they then  e n t e r  
into t h e  s k e l e t a l  muscle (Reece 1 9 7 7 )  . The female keeps 
r e l e a s i n g  l a r v a e  f o r  4 t o  1 6  weeks and may produce 500 l a r v a e  
if t h e  i n f e c t i o n  is l i g h t .  In  heavier  i n f e c t i o n s ,  l a r v a e  
o u t p u t  p e r  female i s  l e s s  (Khamboonruang 1971) .  Each female 
may produce up t o  1500 l a rvae  in her l i f e t i m e  (Jones 1967).  
The l a r v a e  begin encapsulat ion about t h e  2 l s t  day a f t e r  
b i r t h  by producing an e l l i p s o i d a l  sheath.  These capsu les  
r u n  i n  t h e  same d i r e c t i o n  as t h e  muscle f i b e r .  Some l a r v a e  
remain v i a b l e  f o r  many years  within t h e  capsule ,  while  
others become c a l c i f i e d  between the  s i x t h  and twe l th  month 
(Faus t  e t  al. 19751, 
The a d u l t  males a r e  about 1 .5  m in Length. Within 
a w e e k  a f t e r  copula t ion  they are passed o u t  of t h e  i n t e s t i n e .  
T h e  adult female is 3-4 m in l eng th  and may l i v e  for up to 
2 t o  3 months. The l a rvae  a r e  about  5-6 microns i n  l e n g t h  a t  
b i r t h ,  b u t  when they reach t h e  muscle t i s s u e ,  they grow rap-  
i d l y  t o  a l eng th  of 250 t o  500  microns. Cyst  format ion is 
complete i n  7 t o  8 weeks a f t e r  the l a r v a e  have e n t e r e d  the  
blood s t ream (Jones 1967).  A s tudy of - T. s p i r a l i s  l a r v a e  
sugges t s  t h a t  l a r v a l  l eng th  i s  dependent upon t h e  host's and 
t h e  p a r a s i t e ' s  physiology (Harley and G a l l i c c h i o  1971) .  
T r i ch inos i s  i s  an incurab le  and sometimes f a t a l  
d i s ea se .  I t  i s  es t imated  t h a t  30 larvae/gram of animal would 
be f a t a l  t o  a  r a t ,  while  only 5 larvae/gram of animal  would 
be f a t a l  t o  a  human. The e s t ima te  f o r  humans i s  based on 
l a r v a l  counts  i n  f a t a l  c a se s ,  bu t  s i n c e  symptoms vary  widely  
i n  humans, t h i s  count  might no t  be t o t a l l y  a c c u r a t e  (Jones 
1967): I n  m i c e ,  the weight of t h e  animal does n o t  d i r e c t l y  
c o r r e l a t e  wi th  t h e  number of  l a r v a e  found (Mat2 1970) . 
There a r e  t h r e e  s t ages  of t h e  d i s e a s e  t r i c h i n o s i s .  
The f i r s t  s t a g e  l a s t s  7  days (Faust  e t  a l .  1975) . T h e  symp- 
toms a r e  d i a r r h e a ,  pa in  and nausea. The second s t a g e  l a s t s  
from about  t h e  2nd week t o  t h e  6 t h  week. This  s t a g e  i s  due 
t o  t h e  migra t ion  of l a rvae  t o  t h e  muscles.  Muscles most 
heav i ly  p a r a s i t i z e d  a r e  t h e  diaphragm, l a rynx ,  base  of t h e  
tongue, abdomen, i n t e r c o s t a l s ,  b iceps ,psoas ,  p e c t o r a l s ,  
gastrocnemius,  and t h e  d e l t o i d s  (Faust  e t  a l .  1 9 7 5 ) .  T h e  
masse te r s ,  e s p e c i a l l y  t h e  l e f t  masse te r ,  i s  a l s o  very  h i g h l y  
p a r a s i t i z e d  (OLsen e t  a l .  1 9 6 4 ) .  Death o f t e n  occurs  during 
t h i s  s t age .  Inflammatory r e a c t i o n s  are common and cause  
5 
s e v e r e  p a i n -  Brea th ing ,  chewing and v i s i o n  may be  a f f e c t e d  
and t h e  e o s i n o p h i l  count  may rise t o  over  50% d u r i n g  t h i s  
stage (Jones 1 9 6 7 1 .  Body temperature rises t o  3g0 t o  4 0 O ~  
and edema i s  a l s o  common, e s p e c i a l l y  of  t h e  f a c e  ( F a u s t  e t  al, 
1975) .  The t h i r d  s t a g e  begins a f t e r  t h e  6 t h  week of  the i n -  
f e c t i o n .  If the i n f e c t e d  person s u r v i v e s  t h i s  s t a g e ,  he w i l l  
u s u a l l y  r ecover .  Edema p e r s i s t s  dur ing  t h i s  s t a g e  e s p e c i a l l y  
around t h e  e y e s ,  head, f e e t ,  and con junc t iva .  Anemia, s k i n  
e r u p t i o n s  and pneumonia a r e  symptoms of t h i s  s t a g e  ( J o n e s  
1 9 6 7 )  . Congest ive h e a r t  f a i l u r e  may a l s o  occur  ( F a u s t  e t  a l .  
1 9 7 5 ) .  
There i s  no t r ea tmen t  of t r i c h i n o s i s  a l t h o u g h  some 
of t h e  symptoms a r e  t r e a t a b l e .  If  t h e  d i s e a s e  i s  d e t e c t e d  
e a r l y  enough, t h e  d i s e a s e  can be a r r e s t e d  b e f o r e  any pro-  
nounced symptoms occur .  One of t h e  f i r s t  b reak th roughs  f o r  
t h e  t r e a t m e n t  of t r i c h i n o s i s  came i n  t h e  1 9 5 0 ' s  when phys i -  
c i a n s  r e p o r t e d  a symptomatic response t o  con t inuous  mass ive  
doses of  ACTH ( a d r e n o c o r t i c o t r o p i c  hormone). I n  p a t i e n t s  re- 
c e i v i n g  t h i s  t r ea tmen t ,  t h e r e  occurred  a  d e c l i n e  i n  f e v e r ,  
d isappearance  of aches and p a i n s ,  and a r e s o l u t i o n  of r a s h e s  
and edema. This  t r ea tmen t  remains c o n t r o v e r s i a l  s i n c e  ex- 
pe r imen ta l  animals  t r e a t e d  wi th  ACTH r e t a i n  a d u l t  worms 
l onger  and more l a r v a e  a r e  recovered from them. T h e  a n i m a l s  
a l s o  f a i l e d  t o  develop an immunity t o  r e i n f e c t i o n  and t h e r e  
w a s  also an i n c r e a s e  i n  t h e  m o r t a l i t y  r a t e .  O n  t h e  o t h e r  
hand, i n f e c t e d  muscles w e r e  on ly  s l i g h t l y  i n f l m e d  and 
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encapsulation of the larvae was retarded, The use of ACTH 
is no longer considered as a safe treatment for humans as 
a result of experimental results with animals [Gould 19701. 
Prednisone (a corticoid) has been used in the treat- 
ment of trichinosis. In laboratory mice, prednisone treated 
mice showed a 23% higher frequency of larvae present in the 
diaphragm muscle than did the non-prednisone infected control 
group (Reece 1977). Prednisone is an anti-inflammatory agent 
which is the basis of its use in the treatment of trichinosis. 
In a 1975 case report, good clinical response was reported by 
a man infected after eating bear meat who was given predni- 
sone (1 mq/kg body weight per day). No toxic effects were 
observed, however, in comparison with pre-treatment biopsy, 
a more intense inflammatory response was seen following the 
subsequent administration of thiabendazole (Jordan et al. 
1975). 
Thiabendazole seems to be the drug of choice for 
trichinosis, It has been shown that thiabendazole is almost 
100% effective against intestinal forms of - T. s p i r a l i s  when 
given in adequate doses (50-60 rng/kg body weight per day). 
It is most effective within 2 hours after ingestion of the 
larvae and its effectiveness decreases later in the day- 
Thiabendazole treated mice yielded only 10% of the number of 
larvae recovered from untreated controls (Could 1970) 
Thiabendazole has also been used to treat humans, 
In one study, over half af the patients manifested symptoms 
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intolerance to the drug. In another study, 25 of 31 pa- 
tients who had moderately severe trichinosis showed improve- 
ment, while none of six patients with long-standing trichin- 
osis benefited from thiabendazole. There are s i d e  effects of 
thiabendazole treatment in humans which include aversion to 
the drug, aggravation of symptoms, dizziness, drowsiness, un- 
pleasant dreams, tremors, fatigue, liver neurosis, vomiting, 
diarrhea, abdominal pain, fever, and anaphylactic shock 
(Gould 1970). If thiabendazole is combined with a cortico- 
steroid in order to combine the antihelminthic effect of one 
drug with the anti-inflammatory effect of the other, larvae 
are suppressed as long as thiabendazole treatment is contin- 
ued. It would be of importance to clarify whether such drugs 
as hydrocortisone reduce the effect of the antihelminthic 
(Campbell and Blair 19741. Other studies have shown that 
cortisone itself causes decreased enteritis in mice, but an 
increase in the fecundity of the adult worms (Stewart et al. 
1 9 8 2 ) .  
A further study in the control of trichinosis has 
been the use of ethanol. In adult rats administered 4 ml of 
30% ethanol after T. - ~iralis inoculations, the rats were 
shown to be fully protected. It has been suggested that pigs 
be given Irish whiskey after meals. 'This treatment depends 
more on the promptness of treatment than on body weight dos- 
age (Campbell and Blair 1 9 7 4 1 .  
The use of chemotherapy is controversial because of 
t h e  s i d e  e f f e c t s  of t he  drugs. Cort isone might he lp  reduce 
muscle swel l ing bu t  increase  t h e  fecundity a£ t h e  worms. 
W i l e  thiabendazole has some advantages, i t s  s i d e  e f f e c t s  
can be severe. This i s  why it would not  be w i s e  t o  admin- 
ister it  t o  animals which later would be used f o r  human con- 
sumption, 
f t  is widely accepted t h a t  the  most e f f e c t i v e  ways 
of prepar ing in fec ted  meat f o r  humans i s  by adequate f r e e z i n g  
and cooking. The thermal death po in t  of T. - s p i r a l i s  i s  5 5 O ~ .  
I t  is suggested t h a t  a l l  meat products suspected of h o s t i n g  
T .  s p i r a l i s  be cooked a t  137OC and t o  be c e r t a i n  t h a t  a l l  
- 
p a r t s  of t he  meat reach t h a t  temperature (Gould 1 9 7 0 ) .  
The World Health Organization recommends t h a t  pork 
be cooked a t  30 t o  35 rninutes/kg and l a r g e r  c u t s  f o r  t w i c e  
a s  long.  T r i c h i n e l l a  l a rvae  can a l s o  be des t royed by f r e e z -  
ing.  T h e  regu la t ions  of the  Consumer Marketing Serv ice  r e -  
q u i r e  t h a t  c u t s  of pork not over 6 inches (15 ern) t h i c k  be 
exposed t o  -15O~ f o r  20 days, t o  -23.3O~ f o r  1 0  days ,  o r  t o  
-28.g0c f o r  6 days. A temperature of - 3 7 . 2 O ~  for 2 minutes 
a t  t h e  cen te r  of t r i ch inous  meat w i l l  k i l l  t h e  l a r v a e  [Gould 
The a r c t i c  form of T r i ch ine l l a  has been des igna ted  
as - T. na t iva  (Margolis e t  a l .  1 9 7 9 )  . The reason f o r  t h i s  
s p e c i f i c  i d e n t i f i c a t i o n  i s  the  l a r v a l  t o l e r ance  of cold tern- 
- 
Pera tures .  Viable l a rvae  have been found i n  t h e  meat o f  
a r c t i c  spec ies  t h a t  have been frozen f o r  s e v e r a l  weeks a t  
- 3 2 ' ~  and i n  ano the r  c a s e  i n  which meat had been f r o z e n  f o r  
one month a t  - 1 2 O ~ .  This  is u s u a l l y  b e l i e v e d  t o  be the  arc- 
t i c  s p e c i e s  t h a t  is  more t o l e r a n t  t o  co ld  t empera tu res  
T h e  u s e  of  r a d i a t i o n  of bo th  l a r v a l  and adult forms 
has a l s o  been used i n  an a t tempt  t o  c o n t r o l  t r i c h i n o s i s .  I f  
T r i c h i n e l l a  s p i r a l i s  l a r v a e  a r e  exposed t o  x-rays (an i o n i z -  
ing form of  r a d i a t i o n ]  g r e a t e r  than  1200 R ,  t h e  l a r v a e  a r e  
a b l e  t o  develop  i n t o  a d u l t s  and t h e  number of  o f f s p r i n g  i s  
g r e a t l y  reduced.  I t  w a s  a l s o  found t h a t  w i t h  an exposure  of 
4 0 0 0  R, a  few l a r v a e  could s t i l l  i n f e c t  t h e  muscle of  r a t s .  
An exposure of 5000 R o r  more n o t  o n l y  reduced t h e  number o f  
l a r v a e  t h a t  would i n f e c t  muscle, b u t  a l s o  reduced t h e  number 
of l a r v a e  a b l e  t o  reach adulthood. Some l e v e l s  of r a d i a t i o n  
a l low t h e  development of i n t e s t i n a l  i n f e c t i o n  b u t  p r e v e n t  
subsequent  muscle invas ion .  I t  was f u r t h e r  observed t h a t  i n -  
t e s t i n a l  i n f e c t i o n s  a lone  could produce a t  l e a s t  a  temporary 
immunity t o  f u r t h e r  i n f e c t i o n s  wi th  n o n - i r r a d i a t e d  t r i c h i n a e .  
T r i c h i n a e  exposed t o  12,000 R of cobalt-60 gamma r a d i a t i o n  
( a l s o  an i o n i z i n g  £ o m  of r a d i a t i o n ) ,  prevent t h e  l a r v a e  from 
reproducing and when l a r v a e  a r e  exposed t o  10,000 R o r  more 
and t h e n  f e d  t o  r a t s ,  t h e  l a r v a e  are  incapab le  o f  r ep roduc ing .  
I n c r e a s i n g  t h e  exposure t o  30.000 R and g r e a t e r  r e s u l t s  i n  a  
f a i l u r e  o f  the l a r v a e  t o  reach  m a t u r i t y ,  and if exposed t o  
100.000 R and g r e a t e r ,  t h e  l a r v a e  would n o t  remain i n  t h e  i n -  
t e s t i n a l  tract of the  h o s t  for more than 2 4  hours  (Gould 1 9 7 0 )  . 
Gould confirmed some of  t h e  p rev ious  r e s u l t s  when 
he found that exposure of a d u l t  warms t o  f0,000 R o f  e o b a l t -  
6 0  g a m a  r a d i a t i o n  rendered most of t h e  worms sterile. Larvae  
exposed t o  18,000 R d i d  no t  reach  matu r i ty .  I r r a d i a t i o n  a t  
10,000 R p e r m i t t e d  l a r v a e  t o  reach  m a t u r i t y  and t h e  h o s t  would 
develop a d e f i n i t e  degree of immunity t o  r e i n f e c t i o n  by non- 
i r r a d i a t e d  l a r v a e .  I f  t h e  r a d i a t i o n  was 18,000 R ,  l i t t l e  o r  
no immunity r e s u l t e d  (Gould 1970) . 
The most obvious e f f e c t  of i o n i z i n g  r a d i a t i o n  i s  
r e l a t e d  t o  c e l l  d i v i s i o n .  The l e n g t h  of  m i t o t i c  i n h i b i t i o n  
i n c r e a s e s  w i t h  t h e  amount of r a d i a t i o n  g iven  t o  t h e  c e l l s .  
Consequently it would be expected t h a t  t h e  l a r v a e  would be  
a f f e c t e d  more than t h e  a d u l t s  (Gould 1970) . 
It is es t ima ted  t h a t  meat would need t o  be exposed 
t o  r a d i a t i o n  a s  h igh  a s  100,000 r a d s  t o  k i l l  t h e  l a r v a e  if 
p r e s e n t .  T h i s  would probably a l t e r  the  p r o t e i n  and enzymes 
found i n  t h e  meat and have an e f f e c t  on t h e  t a s t e  of  t h e  
m e a t .  I r r a d i a t i o n  and cooking of meat t o g e t h e r  cou ld  be o f  
an advantage because fol lowing a  h igh  dose of r a d i a t i o n ,  no 
l a r v a e  would b e  l e f t  undamaged. T h i s  could  h e l p  t o  p r e v e n t  
i n a d e q u a t e l y  cooked (Gould 19701 . 
The use  o f  microwave r a d i a t i o n  a s  a c o n t r o l  measure 
f o r  - T. s p i r a l i s  has n o t  been repor ted .  Microwaves a r e  a  form 
of  non-ionizing e lec t romagnet ic  r a d i a t i o n  i n  t h e  r ange  of 
30-3000 m z  (Leonard et a l .  1983) . This  corresponds  t o  a 
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wavelength of 1 meter t o  1 m i l l i m e t e r  i n  a i r ,  T h e  Uni ted  
S t a t e s  o f  America Standards  I n s t i t u t e  c o n s i d e r s  the f requen-  
c i e s  o f  1 0  and l O Q , O Q Q  mHz a s  t h e  boundary a f  the microwave 
reg ion  (Baranski  and Przemyslaw 1976).  Microwave ovens 
commonly o p e r a t e  a t  2450 mHz which i s  one of t h e  bands re- 
served  f o r  i n d u s t r i a l ,  s c i e n t i f i c ,  and medical  purposes  
(Leonard e t  a l ,  19831. 
I n  b i o l o g i c a l  systems, absorbed microwave energy i s  
t ransformed i n t o  inc reased  k i n e t i c  energy o f  t h e  a b s o r b i n g  
molecules ,  the reby  producing a genera l  h e a t i n g  of the t i s s u e s  
(Michaelson 1974) .  The molecules t h a t  make up food (muscle)  
when p l a c e d  i n  a microwave oven a r e  r o t a t e d  180' from t h e i r  
s t a r t i n g  p o s i t i o n  and back 2 4 5 0  m i l l i o n  t i m e s  a second ( 2 4 5 0  
mHz) .  This  c o n s t a n t  r o t a t i o n  of t h e  molecules  causes  t h e  
food to h e a t .  As t h e  wave p e n e t r a t e s  t h e  food,  t h e  power 
becomes l e s s  i n t e n s e  and decreases  wi th  each. s u c c e s s i v e  l a y e r  
of molecules .  The i n t e r i o r  of t h e  food i s  hea ted  by conduc- 
tion from t h e  h e a t  genera ted  a t  t h e  s u r f a c e  o f  t h e  food 
(Wirtz 1 9 8 4 ) .  
The dep th  of  p e n e t r a t i o n  of microwaves i n t o  t i s s u e s  
i s  dependent  upon water  c o n t a c t  and i s  about  5 t i m e s  g r e a t e r  
for t i s s u e s  of low water  con ten t  than t h o s e  of  high w a t e r  
c o n t e n t  (Schwan 1969) . At a frequency of 1 gHz , t h e  w a v e  
P e n e t r a t i o n  is  l imi t ed  t o  1 .5  t o  2 c m  i n  t i s s u e s  w i t h  h i g h  
water content b u t  i s  extended t o  6 t o  8 crn i n  t i s s u e s  w i t h  
low wate r  c o n t e n t .  ~t microwave f r e q u e n c i e s ,  the macroscopic 
d i e l e c t r i c  p r o p e r t i e s  of t i s s u e s  a r e  s t r o n g l y  de termined by 
t h e i r  water c o n t e n t  and thus  a r e  s i m i l a r  t o  t h o s e  of p u r e  
l i q u i d  water [Leonard e t  a l .  1983)  . 
T i s s u e s  such as b r a i n ,  muscle, and s k i n  have h i g h  
water  c o n t e n t  and have h igher  p e r m i t t i v i t y  (Leonard e t  a l .  
1983) .  The l e n s  of t h e  eye i s  most s e n s i t i v e  because o f  i t s  
poor a b i l i t y  t o  l o s e  h e a t  and i t s  c loseness  t o  the s u r f a c e  
of t h e  animal .  The second most s e n s i t i v e  organ  i s  t h e  t es t i s  
f o r  t h e  same reasons  a s  t h e  l e n s  of t h e  e y e ,  p l u s  i t s  h i g h  
s e n s i t i v i t y  t o  h e a t .  The body of an animal a s  a whole would 
rank t h i r d  s i n c e  it can t o l e r a t e  only  a  l i m i t e d  i n c r e a s e  i n  
tempera ture  and has  only  a  l i m i t e d  a b i l i t y  t o  l o s e  h e a t  
(Ely e t  a l .  1964) . 
Heat i s  t h e  major reason t h a t  microwaves may a l t e r  
an organism o r  s t r u c t u r e .  Most r e s u l t s  on mutagen ic i ty  of  
microwaves a r e  nega t ive  or can be expla ined  by t empera tu re  
enhancement. The r a p i d  h e a t  product ion  a s s o c i a t e d  w i t h  
microwaves do n o t  apparen t ly  r e s u l t  i n  d e t e c t a b l e  a l t e r a t i o n  
of c e l l  cytoplasm and biomembranes (Leonard e t  a l .  1983) . 
I n  prokaryote  c e l l s ,  RNA and DNA have been shown t o  
absorb microwave r a d i a t i o n  and a l t e r  t h e  me tabo l i c  p r o c e s s e s  
and growth of Escher i ch ia  - c o l i .  I n  e u k a r y o t i c  c e l l s ,  nega- 
t i v e  r e s u l t s  have been repor ted  w i t h  t h e  u s e  of  microwave 
r a d i a t i o n .  There is some evidence of a p o s s i b l e  s y n e r g i s t i c  
e f f e c t  between micronaves and recognized mutagens. I n  Dro- 
s o p h i l a  no demonstrable evidence f o r  mutagenic e f f e c t s  have 
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been shown. However, female f l i e s  exposed t o  2450 mEEz r a d i -  
a t i o n  produced fewer, less v i ab l e  eggs than d i d  the c o n t r o l s .  
Microwave exposure of r a b b i t s  and r a t s  and mice have given 
both p o s i t i v e  and negat ive  r e s u l t s  an t he  growth of o f f s p r i n g .  
I n  human lymphocytes exposed t o  microwave r a d i a t i o n ,  lympho- 
b l a s t o i d  t ransformat ion has been observed, and s i n c e  under 
t he  l a b o r a t o r y  condi t ions  used the re  was no r ise i n  tempera- 
t u r e ,  the r e s u l t s  a r e  no t  a t t r i b u t e d  t o  heat (Leonard e t  a l .  
1 9 8 3 ) .  
In a  study done with Nippostronqylus b r a s i l i e n s i s ,  
l a rvae  exposed t o  9 cm microwave ac t ion  f o r  30 seconds de- 
veloped i n  t he  same manner a s  untreated c o n t r o l s ,  bu t  l a r v a e  
exposed t o  microwave ac t ion  f o r  180 seconds stopped t h e  de- 
velopment of N. - b r a s i l i e n s i s  females (Duk e t  a l .  1979) .  
I n  a  s tudy with Strongyloides r a t t i  exposed t o  
microwave r a d i a t i o n ,  microwaved i n f e c t i v e  l a r v a e  of S .  r a t t i  
- 
w e r e  immunogenic f o r  r a t s ,  even though they were incapable  
of reaching the  i n f e c t i v e  s tage  and maturing t o  a d u l t  worms 
(Condor and Williams 1983). 
The purpose of t h i s  study was t o  determine if micro- 
wave r a d i a t i o n  inf luences  t he  number and d i s t r i b u t i o n  of  T .  -
s p i r a l i s  i n  t h e  s k e l e t a l  muscles of mice. The s tudy w i l l  con- 
t r i b u t e  i n f o m a t i o n  r e l a t i n g  t o  the  con t ro l  of T. sp i r a l i s  - 
and t h e  b io log ica l  e f f e c t  of microwave r a d i a t i o n .  The study 
w i l l  f u r t h e r  serve  t o  i d e n t i f y  the  f e a s i b i l i t y  of us ing micro- 
Wave r a d i a t i o n  f o r  the  cooking of foods having T. -
1 4  
MATERIALS AND METHODS 
Young a d u l t  male a lb ino  mice, used i n  t h i s  s t u d y ,  
were o b t a i n e d  from SASCO, Omaha, Nebraska. A t  t h e  t i m e  of 
i n o c u l a t i o n ,  each mouse weighed approximately 20 grams. The 
mice w e r e  g iven  water  and Purina brand l a b  chow ad - l i b i t u m  
throughout  t h e  s tudy:  however food was withdrawn f o u r  hours  
p r e - i n o c u l a t i o n ,  and f o r  f o u r  hours pos t - inocu la t ion .  T h i s  
was done t o  i n c r e a s e  t h e  chances of i n f e c t i v i t y  of t h e  mice 
t o  T .  - 5-. A l l  mice were housed i n  a p p r o p r i a t e l y  l a b e l -  
ed p l a s t i c  cages  which were l i n e d  wi th  sawdust and no more 
than  f i v e  mice t o  a cage. The T r i c h i n e l l a  s p i r a l i s  l a r v a e  
used i n  t h i s  s tudy  were obta ined  from a s t r a i n  maintained by 
t h e  ~ i o l o g y  Department a t  Drake Unive r s i ty .  
T h e  mice used i n  t h i s  s tudy were d i v i d e d  i n t o  two 
groups.  I n  Group I t h e  mice were i n o c u l a t e d  w i t h  i n f e c t i v e  
T .  s p i r a l i s  l a r v a e  t h a t  had been i s o l a t e d  and exposed t o  
- 
microwave r a d i a t i o n .  This  group was further d i v i d e d  i n t o  
n i n e  subgroups,  each con ta in ing  t e n  mice. I n  each  subgroup,  
the i n f e c t i v e  i s o l a t e d  l a r v a e  were i r r a d i a t e d  for v a r y i n g  
t i m e i n t e r v a l s o f  2 ,  4 ,  6 ,  8 , 1 0 , 1 2  a n d 1 4  seconds.  Two 
c o n t r o l  groups were a l s o  e s t a b l i s h e d  wi th  one group r e c e i v i n g  
n o n - i r r a d i a t e d  l a r v a e  and t h e  second group d e s i g n a t e d  a s  t h e  
normal, uninf  e c t e d  c o n t r o l  (see Table 1) . 
In Group 11 t h e  mice were i n o c u l a t e d  with i n f e c t i v e  
T. - s p i r a l i s  l a r v a e  that had been recovered from i n f e c t e d  
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mouse c a r c a s s e s  t r e a t e d  wi th  microwave r a d i a t i o n .  Th i s  group 
was f u r t h e r  d iv ided  i n t o  e i g h t  subgroups, con ta in ing  t e n  mice 
each,  I n  each  subgroup, t h e  mouse ca rcasses  con t a in ing  in -  
f e c t i v e  l a r v a e  were i r r a d i a t e d  f a r  varying t i m e  i n t e r v a l s  of  
5 ,  1 0 ,  1 2 ,  1 4 ,  16 and 18 seconds, Again, two c o n t r o l  groups 
were e s t a b l i s h e d ,  one group receiv ing non- i r radia ted  l a r v a e  
and t h e  o t h e r  group se rv ing  a s  t h e  normal un in fec ted  c o n t r o l  
(see Table 2 )  . 
Table 1. Schedule of Inocula t ions .  Group I. M i c e  I n f ec t ed  
wi th  I s o l a t e d  T.  s p i r a l i s  Larvae Following Treatment w i th  
Microwave ~ a d i z t i o n  . 
Number of Number of Larvae Treatment 
Nice i n  Given t o  Each T i m e  of  
Subgroup Each Group Msuse Larvae 
Control  6 none none 
In£ e c t e d  Control  6 
Experimental A 1 0  
Experimental B 1 0  
none 
4 sec.  
10 120 6 sec. Experimental C 
Experimental D 114 
Experimental E 2 0  
Experimental F LO 
Experimental G 1 0  
A l l  exposure t o  r a d i a t i o n  was done i n  an Rmana Micro- 
wave oven (Amana Refrigeration, Inc.  , Amana, Iowa) , Model 
RRL-8TD, a t  100% power (approximate power o u t p u t ,  700 w a t t s ,  
2450 mMz) a v a i l a b l e  i n  t h e  Biology Department a t  Drake Uni- 
v e r s i t y .  
Table 2 .  Schedule of Inocula t ions .  Group 11. Mice I n f e c t e d  
wi th  T .  s p i r a l i s  Larvae Recovered from I n f e c t e d  Mouse Carcass-  
es  oilo ow in^ Treatment wi th  Microwave Radia t ion .  
Number of Number of  Larvae Treatment  
Mice i n  Given t o  Each T i m e  o f  
Subgroup Each Group Mouse Carcass 
Contro l  1 0  none none 
I n f e c t e d  Con t ro l  10 
Experimental  A 10 
Experimental  B 1 0  
Experimental  C 10 
none 
1 0  1 1 0  1 4  s e c .  Experimental  D 
Experimental  E 10 130 1 6  s e e .  
Experimental  F 1 0  100 18  s e c .  
T o  check h e a t  l e v e l s ,  it was necessary  t o  see how 
much i r r a d i a t i o n  was needed t o  r a i s e  5 fi of room tempera- 
t u r e  w a t e r  t o  5s0c, t h e  l e t h a l  h e a t p o i n t  of T .  s p i r a l i s ,  -
Room tempera tu re  water ( 2 2 O ~ )  was used s i n c e  t h e  s o l u t i o n s  
Conta in ing  t h e  i n f e c t i v e  l a r v a e  were a t  room t empera tu re  be- 
f o r e  b e i n g  i r r a d i a t e d  The h e a t  l e v e l s  were checked by us ing  
t h e  t empera tu re  probe that was included wi th  t h e  oven. T h e  
probe was p laced  i n  a 1 0  r n l  pyrex beaker c o n t a i n i n g  5 ml of 
d i s t i l l e d  water a t  room temperature.  The oven was progranmed 
t o  h e a t  the water t o  87.a0c, The power was a c t i v a t e d  and when 
t h e  t empera tu re  reached 5 4 . 4 ' ~  t h e  power w a s  shut  off. A 
Heur s topwatch  w a s  used t o  determine t h e  t i m e  needed t o  r e a c h  
t h e  d e s i r e d  tempera ture ,  T h e  probe was l e f t  i n  t h e  beaker  t o  
de termine  how h igh  t h e  temperature would con t inue  t o  rise, 
and t h e  t i m e  needed f o r  t h e  temperature of t h e  wa te r  t o  c o o l  
back down t o  5 4 .  The procedure was used i n  h e a t i n g  
t h e  water to 4 3 . 3 O ~ ,  48.g0c and 60.Q0c. 
Using t h e  temperature probe, a f t e r  1 0  seconds of  ex- 
posure ,  t h e  tempera ture  of 5 r n l  of  d i s t i l l e d  water  a t  room 
0 
t empera tu re  ( 2 3 . 9 ' ~ )  inc reased  t o  43.3 C. A f t e r  1 2  seconds ,  
t h e  t empera tu re  i n c r e a s e d  t o  48 .g°C; a f t e r  1 4  seconds,  it 
0 
remained at 4 8 . 9 O ~ ;  a f t e r  1 6  seconds, it w a s  54.4 C ;  and 
a f t e r  18 seconds t h e  temperature was 60  .Qoc ( s e e  Table  3) . 
The t ime i n t e r v a l s  of exposure t o  r a d i a t i o n  w e r e  de- 
termined by t h r e e  p i l o t  s t u d i e s .  The f i r s t  s tudy was des ign-  
ed t o  de te rmine  t h e  amount of microwave r a d i a t i o n  t h a t  %so- 
l a t e d  l a r v a e  could wi ths tand be fo re  dea th  occur red  a s  m e a s -  
u r e d  by l o s s  of movement. The second s tudy w a s  done t o  de- 
te rmine  the range of i n f e c t i v i t y  of T. - s p i r a l i s  by expos ing  
i s o l a t e d  l a r v a e  to r a d i a t i o n  and subsequent ly i n o c u l a t i n g  
mice. T h e  t h i r d  p i l o t  s tudy  used mice c a r c a s s e s  i n f e c t e d  
w i t h  T .  
- 
i r r a d i a t i n g  them f o r  d i f f e r e n t  t i m e  i n t e r -  
v a l s  and t h e n  i s o l a t i n g  t h e  larvae and i n o c u l a t i n g  mice. 
T h i s  l a t e r  s t u d y  was done t o  determine the  range of infec- 
t i v i t y  of l a r v a e  s u b j e c t e d  t o  t h i s  t rea tment .  
Table 3 .  Temperature of 5 ml of  D i s t i l l e d  Water A f t e r  Ex- 
posure t o  Microwave Radia t ion  a t  D i f f e r e n t  T i m e  I n t e r v a l s .  
Maximum Temperature Time i n  Minutes 
T i m e  i n  C degrees A f t e r  Required for Tern- 
i n  Temperature Power w a s  p e r a t u r e  t o  
Seconds in C degrees  Discontinued Return t o  5 4 .  ~ O C  
The i n f e c t i v e  T. - s p i r a l i s  l a r v a e  were removed from 
the  s t o c k  mice by s a c r i f i c i n g  t h e  mice us ing  c e r v i c a l  d i s l o -  
c a t i o n .  The mice were skinned, and t h e  f e e t ,  t a i l ,  and head 
removed. To e s t a b l i s h  t h a t  t h e  mice were i n f e c t e d ,  t h e  d i a -  
phragm was removed by making a midsaggi ta l  i n c i s i o n  th rough  
t h e  v e n t r a l  s u r f a c e  of t h e  mouse and c a r e f u l l y  d e t a c h i n g  t h e  
diaphragm f r o m  the body w a l l  by t h e  use of i r idec tomy scis- 
s o r s .  The diaphragm was examined with t h e  low power o b j e c -  
t i v e  of an American O p t i c a l  compound microscope, u t i l i z i n g  
t h e  diaphragm p r e s s  method. A f t e r  t h e  presence  of t h e  l a r v a e  
i n  t h e  m i c e  were confirmed, t h e  mice w e r e  e v i s c e r a t e d  l e a v i n g  
on ly  t h e  s k e l e t o n  and s k e l e t a l  muscles.   he carcass w a s  
r i n s e d  i n  0 .85% s a l i n e  s o l u t i o n  t o  remove blood and ariy 
a t t a c h e d  d e b r i s .  
T h e  remaining c a r c a s s  was c u t  i n t o  approximately 
2 c e n t i m e t e r  segments and placed i n  a Waring Blender (Waring 
P r o d u c t s  D i v i s i o n ,  Dynamics Corporat ion of America, H a r t f o r d ,  
CT) w i t h  500  r n l  of  pepsin s o l u t i o n  (500 r n l  d i s t i l l e d  w a t e r ,  
1 0  m l  c o n c e n t r a t e d  hydrochlor ic  a c i d ,  2.5 grams peps in  
( F i s c h e r  S c i e n t i f i c ) .  The c a r c a s s  p ieces  and peps in  s o l u t i o n  
were b lended  f o r  40  seconds a t  high speed a t  approximately 
1 7 , 0 0 0  rpm {Gal logly  1968) .  This  mixture was then  poured 
into 250 ml s c r e w  t o p  Erlenmeyer f l a s k s .  T h e  b lender ,  a f t e r  
u s i n g ,  w a s  r i n s e d  with 50 m l  of pepsin s o l u t i o n  which w a s  
t h e n  added t o  t h e  f l a s k s .  The f l a s k s  were then  p laced  i n  an 
Eberbach Waterbath Shaker (Eberback Company, Ann Arbor,  MI) 
f o r  4 h o u r s  a t  37Oc t o  a l low t h e  l a r v a e  t o  become d i g e s t e d  
from t h e  muscle t i s s u e .  
A f t e r  4 hours  had e l a p s e d ,  t h e  d i g e s t  w a s  sampled 
f o r  - T. s p i r a l i s  l a r v a e  t o  e s t a b l i s h  t h a t  t h e  l a r v a e  had been 
r e l e a s e d  from t h e  h o s t  t i s s u e .  This  was done by examining 
a drop  from t h e  d i g e s t  s o l u t i o n  microscopica l ly  w i t h  t h e  low 
power o b j e c t i v e ,  t o  check f o r  i s o l a t e d  l a r v a e .  Then t h e  
s o l u t i o n  i n  the f l a s k s  was allowed t o  sett le f o r  20 minutes .  
A f t e r  s e t t l i n g ,  200 m l  of s o l u t i o n  was a s p i r a t e d  from t h e  t o p  
of e a c h  f l a s k ,  and 2 0 0  r n l  of w a r m  water ( 3 7 O ~ )  w a s  added. 
The washing was done t h r e e  t i m e s  a t  20 minute i n t e r v a l s .  
A f t e r  t h e  f i n a l  washing, t h e  supernate  of each flask was  
a s p i r a t e d  o f f ,  and the remaining so lu t i on  i n  each f l a s k  was 
combined i n t o  one f l a s k .  The f l a s k  w a s  shaken p e r i o d i c a l l y  
t o  e n s u r e  even d i s t r i b u t i o n  of  t h e  l a rvae  throughout t h e  
s o l u t i o n ,  
The l a r v a e  w e r e  removed from the  s o l u t i o n  by u s ing  
a  9 i n c h  P a s t e u r  p i p e t t e .  Five drops of t h e  s o l u t i o n  were 
examined mic roscop ica l ly  t o  determine t h e  number of l a r v a e  
i n  1 drop.  I n  Group I ,  an average of 4 l a rvae  pe r  drop was 
found. The c a l i b r a t e d  p i p e t t e  used f o r  inocu la t ions  had 30 
drops  p e r  m l ,  t h e r e f o r e  1 m l  of so lu t i on  contained 120 l a r v a e .  
The s o l u t i o n  conta in ing t h e  i s o l a t e d  l a rvae  was d i s -  
t r i b u t e d  i n t o  s i x t e e n  1 0  ml pyrex beakers,  with 5 m l  of so lu -  
t i o n  i n  each  beaker .  Each beaker was placed i n d i v i d u a l l y  i n  
t h e  microwave oven. Two beakers conta in ing - T. s p i r a l i s  l a r v a e  
were i r r a d i a t e d  f o r  each t i m e  period l i s t e d  p rev ious ly  (Table  
1) .  Two beakers  were no t  i r r a d i a t e d  and w e r e  used a s  t h e  
c o n t r o l .  
The p r epa ra t i on  f o r  t h e  second group was done s l i g h t -  
l y  d i f f e r e n t l y .  The mice w e r e  k i l l e d ,  skinned and e v i s c e r a t e d  
in t h e  same manner a s  descr ibed.  In t h i s  p a r t  of the s tudy ,  
seven d i f f e r e n t  c a r ca s se s  were used. Each ca r ca s s  was p laced  
on an i n v e r t e d  p e t r i  d i s h ,  covered with a weighing paper and 
i r r a d i a t e d  for t i m e  pe r iods  of 5 ,  10, 1 2 ,  1 4 ,  16 and 18 sec- 
onds r e s p e c t i v e l y  (Table 21. One ca rcass  was n o t  i r r a d i a t e d  
and was used a s  the  con t ro l .  The ca rcasses  were then i n d i -  
v i d u a l l y  p laced i n t o  t h e  Waring blender w i t h  t h e  p e p s i n  
s o l u t i o n ,  and blended a s  desc r ibed  previous ly ,  The mix tu re  
was t h e n  p l a c e d  i n t o  i n d i v i d u a l  f l a s k s ,  The b l e n d e r ,  a f t e r  
u s i n g ,  w a s  washed w i t h  t a p  w a t e r  between b lendings .  The 
f l a s k s  f o r  each  group w e r e  put i n t o  t h e  shaker  wa te rba th  as 
p r e v i o u s l y  d e s c r i b e d  f o r  4 hours ,  and then t h e  c o n t e n t s  w e r e  
a l lowed t o  set t le .  T h e  l a r v a e  were washed i n  t h e  s a m e  manner 
a s  p r e v i o u s l y  desc r ibed .  I t  was n o t  necessary t o  t r a n s f e r  
t h e  l a r v a e  t o  10 m l  f l a s k s  s i n c e  i r r a d i a t i o n  had a l r e a d y  
t a k e n  p l a c e .  
Using t h e  same count ing  method a s  desc r ibed  e a r l i e r ,  
t h e  number o f  l a r v a e  given t o  each mouse i s  s t a t e d  i n  Table  1. 
One m l  o f  s o l u t i o n  (30  drops)  con ta in ing  t h e  i n f e c t i v e  lar-  
vae  was g i v e n  t o  each  mouse. I n  both  p a r t s  o f  t h e  s t u d y ,  
s o l u t i o n s  were checked t o  be  c e r t a i n  t h a t  t h e  l a r v a e  were 
s t i l l  a l i v e  a f t e r  i r r a d i a t i o n .  
To p r e p a r e  t h e  mice f o r  i n o c u l a t i o n ,  each mouse w a s  
l i g h t l y  a n e s t h e t i z e d  i n  a g l a s s  j a r  wi th  d i e t h y l  e t h e r  
( M a l l i n c k r o d t ,  I n c . ) .  A 1 m l  c a l i b r a t e d  p i p e t t e  was f i l l e d  
w i t h  t h e  a p p r o p r i a t e  s o l u t i o n  t o  t h e  1 m l  mark. The p i p e t t e  
w a s  p r e v i o u s l y  f i r e  po l i shed  t o  ensure t h a t  t h e  mouse would 
n o t  be c u t  dur ing  i n t u b a t i o n .  The anes the t i zed  mouse w a s  
h e l d  by the s k i n  on t h e  back of t h e  neck and then  p u l l i n g  
t h e  head of t h e  mouse s l i g h t l y  p o s t e r i o r a l l y .  T h e  p i p e t t e  
c o n t a i n i n g  t h e  s o l u t i o n  w a s  g e n t l y  eased down t h e  esophagus 
of t h e  mouse and t h e  1 m l  of s o l u t i o n  con ta in ing  t h e  i rich- 
i n e l l a  l a r v a e  w e r e  r e l e a s e d  i n t o  t h e  stomach of t h e  mouse. 
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Following recovery  from t h e  a n e s t h e t i c ,  the mouse w a s  t h e n  
p laced  i n  t h e  a p p r o p r i a t e l y  Labeled cage, 
A f t e r  35 days ,  the experimental  mice w e r e  s a c r i f i c e d  
by c e r v i c a l  d i s l o c a t i o n .  The mouse was checked f o r  i n f e c t i o n  
by removing t h e  diaphragm i n  t h e  same manner a s  p r e v i o u s l y  
d e s c r i b e d ,  A diaphragm p r e s s  was then prepared and examined 
m i c r o s c o p i c a l l y  and t h e  number of l a r v a e  of T. - s p i r a l i s  p r e s -  
e n t  i n  t h e  diaphragm w e r e  counted, 
DATA AND DISCUSSION 
Following t h e  i n o c u l a t i o n  of t h e  mice used i n  t h i s  
s t u d y  w i t h  T r i c h i n e l l a  s p i r a l i s ,  t h e  mice were observed d a i l y  
and no a d v e r s e  e f f e c t s  were noted o t h e r  than  an o c c a s i o n a l  
scraggly appearance.  A l l  mice showed a  normal weight  g a i n  
and no unusua l  changes i n  development were noted. 
S e v e r a l  m o r t a l i t i e s  were noted during t h e  s tudy .  
I n  Group I ,  i n  which i s o l a t e d  l a r v a e  were t r e a t e d  wi th  micro- 
wave r a d i a t i o n .  1 mouse of t h e  1 0  d ied  i n  t h e  2 second micro- 
wave exposure  group,  and 1 mouse d ied  i n  t h e  6 second and i n  
t h e  8 second exposure groups. I n  Group 11, i n  which t h e  i n -  
f e c t e d  c a r c a s s  of mice w a s  i r r a d i a t e d  and then t h e  l a r v a e  
i s o l a t e d  and i n o c u l a t e d  i n t o  mice, t h e r e  were 4 d e a t h s  i n  
the 10 second group o u t  o f  t h e  1 0  mice inocu la ted .  However, 
t h e s e  d e a t h s  w e r e  due t o  t h e  aggressiveness  of 1 mouse i n  
a cage  of 5 who k i l l e d  t h e  o t h e r  4 mice i n  t h e  cage.  No 
m o r t a l i t i e s  occur red  i n  any o t h e r  group* 
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I n  Group I i n  which mice were inoculated with i so-  
l a t e d  T. - s p i r a l i s  l a r v a e  following exposure t o  microwave 
r a d i a t i o n ,  t h e  l a r v a l  counts a r e  shown i n  Table 4 .  All m i c e  
w e r e  i n o c u l a t e d  wi th  1 2 0  i n f e c t i v e  l a rvae  which had been ex- 
posed t o  microwave r ad i a t i on .  Diaphragm counts showed t h a t  
a r e d u c t i o n  in the number of l a rvae  occurred a s  t h e  t i m e  of 
exposure  t o  microwave r ad i a t i on  was increased. The unir rad-  
i a t e d  c o n t r o l  mice showed a mean l a r v a l  count of 288.3; t h e  
2 second exposure was 2 6 1 . 2 ;  4 second exposure was 232.2; 
6 second exposure was 229.6; 8 second exposure was 151.0; 
and 10 second exposure was 69.1.  The la rvae  which were ex- 
posed t o  microwave r a d i a t i o n  f o r  L2 seconds and f o r  1 4  sec- 
onds showed no l a r v a e  presen t  i n  the  diaphragms of t he  mice. 
The d a t a  shown i n  Table 4 i s  i l l u s t r a t e d  i n  graphic  
form i n  F igure  1. The graph shows a f a i r l y  constant  d e c l i n e  
i n  number f r o m  t he  un i r r ad i a t ed  con t ro l  group through t h e  
6 second microwave i r r a d i a t i o n  group. The number of  l a r v a e  
p r e s e n t  i n  t h e  diaphragms of mice i s  g r e a t l y  reduced a s  t h e  
exposure  t i m e  of r a d i a t i o n  i s  increased beyond 6 seconds, so 
t h a t  no l a r v a e  could he demonstrated i n  t h e  mice diaphragms 
a t  e i t h e r  t h e  1 2  second o r  1 4  seconds of exposure. This 
would sugges t  t h a t  t he  exposure of i s o l a t e d  T. s p i r a l i s  
- 
l a r v a e  a t  2 4 5 0  mHz f o r  1 2  seconds e i t h e r  rendered the  l a r v a e  
s t e x i l e  o r  prevented them from reaching matur i ty .  The 8 sec- 
ond microwave exposure t i m e  i s  a c r i t i c a l  time per iod ,  s i n c e  
t h e  number of l a r v a e  produced dec l ines  abrupt ly  a t  this t i m e  

Control  2 4 6 8 10 1 2  14 
Exposure t i m e  of r a d i a t i o n  i n  seconds 
F i g u r e  1. Mean number of T, l a rvae  recovered f r o m  
diaphragms of  mice inoculaged lated larvae exposed 
t o  microwave r a d i a t i o n ,  
a t  t h i s  t i m e  of exposure. A t  8 seconds, a 47.6% decrease i n  
the number o f  l a r v a e  was found a s  compared ta the con t ro l .  
In Group II the carcasses  of mice in fec ted  with 
T .  s p i r a l i s  w e r e  exposed t o  microwave r ad i a t i on  for varying 
- 
t i m e  p e r i o d s ,  t h e  l a r v a e  i s o l a t e d  and subsequently inocu la ted  
i n t o  mice. I n  t h i s  s tudy,  t h e  mice i n  each group were inoc- 
u l a t e d  wi th  varying numbers of - T. s p i r a l i s  l a rvae ,  t he  num- 
b e r  depending on t h e  t o t a l  number of l a rvae  recovered from 
t h e  i r r a d i a t e d  c a r c a s s  a s  shown i n  Table 2 .  
The - T.  s p i r a l i s  l a rvae  recovered from the  mouse d ia -  
phragms a r e  p re sen ted  i n  Table 5 and t h e  ca lcu la ted  mean f o r  
each group is  l i s t e d .  However, i n  order  t o  b e t t e r  compare 
t h e  e f f e c t s  of microwave i r r a d i a t i o n ,  an adjus ted mean w a s  
determined by conver t ing t h e  mean values obtained t o  a  s tand- 
a r d  1 2 0  l a r v a e  inocu la ted .  The uni r rad ia ted  con t ro l  shows 
an a d j u s t e d  mean o f  153.6 la rvae  per  mouse diaphragm. The 
mouse c a r c a s s  exposed t o  5 seconds of microwave i r r a d i a t i o n  
shows an a d j u s t e d  mean of 9 9 , 2  l a rvae  per  diaphragm; 1 0  sec-  
onds exposure 103.7 l a rvae ;  1 2  seconds exposure 68.5  l a r v a e ;  
1 4  seconds exposure 8 2 - 2  l a rvae ;  and 16 seconds exposure 
2 6 - 2  l a r v a e *  N o  larvae were recovered from the  diaphragms of 
any mice i n  t h e  1 8  second exposure group. These r e s u l t s  
suggest  that l a r v a e  i n  a mouse carcass  for 1 8  seconds a t  
2 4 5 0  mHz a r e  sterilized by the procedure o r  a r e  unable t o  
reach matu r i t y .  
T h e  data shown in Table 5 i s  i l l u s t r a t e d  i n  g raphic  
Table 5 .  Frequency of T. spiralis Larvae in Di.aphragrns of Group 11 Mice Receiving 
I s o l a t e d  Larvae from ~ r r a d i a t e d  Infected Mice Carcasses 
Control 5 sec 10 sec 12 sec 14 sec 16 see 18 sec 
179 191 40 40 71 49 0 
200 1 6 6  53 77 85 31 0 
114 131 81 . 81 104 27 0  
1 7 1  274 130 84 110 12 0 
116 194 39 32 90 41 0 
1 8 3  162 81 36 61 30 0 
164 171 - 6 0  49 34 0 
91 183 - 91 67 22 0  
66 307 - 78 40 36 0 
252 288 - 49 - - 0 
Mean 153.6 206,7 69.2 62.8 75.3 28.4 0 
Adjusted 
Mean 153.6 99.2 103.8 68.5 82.2 26.2 0 
P e r c e n t  
- 35.4 32.4 55.4 46,l 8 2 . 9  109,o N Reduction 
In Larvae 
- = animals died during the study 
form i n  F i g u r e  2 .  T h e  d e c l i n e  i n  the average number of l a r -  
vae r ecove red  from t h e  mice diaphragms f o r  t h e  microwave ex- 
posu re  t i m e  is  c l e a r l y  shown. The sha rpes t  dec l i ne  i n  l a r v a l  
counts o c c u r s  a f t e r  1 4  seconds of exposure t o  microwave sad i -  
a t i o n  s u g g e s t i n g  t h a t  1 6  seconds i s  a  c r i t i c a l  t i m e  period 
f o r  - T, s p i r a l i s  l a r v a e .  A t  1 6  seconds, a  82.9% decrease in 
t h e  number of  l a r v a e  was found, a s  compared t o  the  c o n t r o l s ,  
T h e  r e s u l t s  of t h i s  s tudy seem t o  i n d i c a t e  t h a t  i n  
a comparison of  Group I and Group I1 s t u d i e s ,  t h e  ca rcass  of 
the mouse e i t h e r  p r o t e c t s  t h e  l a rvae  from i r r a d i a t i o n  o r  ab- 
s o r b s  some of  t h e  microwaves. By comparing t h e  1 0  second 
i r r a d i a t i o n  of  i s o l a t e d  l a r v a e  in Group I with t h e  1 0  sec-  
ond i r r a d i a t i o n  of t h e  Group II T. - s p i r a l i s  i n f ec t ed  mouse 
c a r c a s s ,  t h e  l a r v a l  diaphragm count increased from 6 9 . 1  t o  
1 0 3 . 7 .  I n  i r r a d i a t i o n  f o r  1 2  seconds, no l a rvae  were recov- 
ered from t h e  diaphragms i n  Group I whereas 68.1 l a rvae  w e r e  
r ecovered  from Group 11. No l a rvae  were recovered f rom t h e  
Group I l a r v a e  i r r a d i a t e d  f o r  1 4  seconds whereas 8 2 . 1  l a rvae  
were recovered  from Group II mice inocula ted  with l a rvae  ir- 
r a d i a t e d  w i t h i n  t h e  mouse ca rcass .  I t  requ i red  1 8  seconds of 
exposure of t h e  mouse ca r ca s s  t o  microwave r a d i a t i o n  t o  ren- 
de r  Group I1 x, Larvae non-infect ive whereas it re- 
q u i r e d  o n l y  1 2  seconds of exposure of the Group I isolated 
l a r v a e  t o  produce t h e  same r e s u l t s .   issues which are h igh  
i n  wa t e r  c o n t e n t  have about  t he  same d i e l e c t r i c  proper ty  as 
pure  wa te r  (Leonard e t  a l .  1983) which suppor ts  t h e  idea  
Control 5 10 1 2  1 4  1 6  1 8  
Exposure t i m e  of rad ia t ion  i n  seconds 
Figure 2 .  Mean number of T. s p i r a l i s  l a rvae  recovered from 
diaphraqms of mice inoculaFed with larvae i so l a t ed  from 
i r r a d i a t e d  i n f e c t i v e  carcasses. 
t h a t  t h e  c a r c a s s  i n f e c t e d  with - T *  s p i r a l i s  l a rvae  absorbs 
some of t h e  microwave r a d i a t i o n ,  r a t h e r  than ac tua l ly  o f f e r -  
i n g  p r o t e c t i o n .  
Duk e t  a l .  ( 1979 )  s t ud i ed  t h e  e f f e c t  of microwave 
r a d i a t i o n  on Nippostrongylus b r a s i l i e n s i s ,  an egg laying nem- 
a tode ,  by determining t h e  number of eggs produced following 
va ry ing  exposure t i m e s .  Using the  r a t  a s  t he  hos t ,  he  showed 
t h a t  N .  b r a s i l i e n s i s  l a r v a e  i r r a d i a t e d  f o r  1 8 0  and 210 sec- 
onds produced no eggs fol lowing inocula t ion i n t o  t he  r a t ,  
whereas t h i s  s tudy  wi th  T r i c h i n e l l a  s p i r a l i s  showed t h a t  no 
l a r v a e  w e r e  produced fol lowing exposure t o  microwave radia-  
tion f o r  1 2  seconds. The power (mHz) of the  microwave source 
used  by Duk was no t  s t a t e d  which could explain t he  d i f fe rence  
in results, or perhaps N. - b r a s i l i e n s i s  conta ins  p roper t i es  
which r ende r  them more r e s i s t a n t  t o  microwave rad ia t ion .  
A s tudy  done on t h e  i n f e c t i v e  larvae  of Strongyloides 
r a t t i  (Condor and Williams 1983) showed t h a t  l a rvae  i r r a d i -  
a t e d  f o r  15 seconds a t  100% power of a Tappan microwave oven 
w e r e  unable t o  reach matur i ty .  Their s tudy used a 15 second 
exposure t i m e  s i n c e  i t  was designed t o  show immunologic 
e f f e c t s .  The r e s u l t s  of t h e  15 second exposure t i m e  required 
t o  i n h i b i t  t h e  ma tu r i t y  of S. r a t t i  would correspond t o  the  
- -  
1 2  second exposure t i m e  observed i n  t h i s  study wi th  T. s p i r a l i s .  - 
T h e  3 second d i f f e r e n c e  i n  exposure t i m e  might be a  funct ion 
of  the  brand of  microwave oven used, or a di f fe rence  i n  the  
a b i l i t y  of  t h e  helminths t o  withstand microwave rad ia t ion .  
31 
This  s t u d y  w i t h  T r i c h i n e l l a  s p i r a l i s  cannot decisive-  
l y  e x p l a i n  i f  t h e  i n h i b i t i o n  of matur i ty ,  o r  f a i l u r e  t o  repro- 
duce ,  was due t o  h e a t  product ion  o r  r ad i a t i on .  A study of 
h e a t  p roduc t i on  i n  5 r n l  d i s t i l l e d  water  (Table 3) i n  1 0  ml 
pyrex  beake r s  showed t h a t  t h e  l e t h a l  death  po in t  f o r  T. - 
s p i r a l i s  (5s0c)  was reached i n  1 6  seconds. A t  t h i s  t i m e  of 
exposure ,  t h e  t empera tu re  continued t o  rise t o  6 5 . 5 ° ~  follow- 
i n g  t h e  d i s c o n t i n u a n c e  of t h e  i r r a d i a t i o n .  Approximately two 
minutes  w e r e  r e q u i r e d  f o r  t h e  temperature t o  r e tu rn  t o  5 5 ' ~  
a g a i n .  The wa te r  i r r a d i a t e d  f o r  1 2  and 1 4  seconds eventual ly 
reached t h e  the rmal  d e a t h  p o i n t  a f t e r  t h e  power was shut  o f f  
t o  t h e  microwave oven (see Table 3)  . It  was not poss ib le  t o  
check t h e  t empera tu re  of t h e  i r r a d i a t e d  ca rcass  with the  
equipment a v a i l a b l e  for t h i s  s tudy.  A l l  i r r a d i a t e d  l a rvae  
w e r e  a l i v e  (as determined by movement) and a c t i v e  when inoc- 
u l a t e d  i n t o  t h e  exper imenta l  mice i n  t h i s  s tudy.  I t  is  not  
known i f  i s o l a t e d  l a r v a e  exposed t o  5 5 O ~  f o r  t h e  two minutes 
and twenty- th ree  seconds w i l l  even tua l ly  d i e  due t o  the  hea t  
exposure .  
The d a t a  ob t a ined  from t h i s  s tudy i nd i ca t e  t h a t  m i -  
crowave r a d i a t i o n  has i n h i b i t o r y  e f f e c t  on t h e  maturation 
o r  r e p r o d u c t i o n  of  - T .  s p i r a l i s  o r  a  l e t h a l  e f f e c t  depending 
on t h e  t i m e  of exposure .  It would be of i n t e r e s t  t o  study 
t he  immunity o r  r e s i s t a n c e  of t h e  h o s t  animal t o  a  challenge 
i n o c u l a t i o n  of  T, - fol lowing previous inocula t ion  of 
T .  - ~ p i r a l i s  i r r a d i a t e d  f o r  1 2  o r  1 4  seconds. A f u r t h e r  study 
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o f  i n t e r e s t  would b e  t o  r e c o v e r  t h e  helminths from t h e  duode- 
num of mice and e s t a b l i s h  t h e  degree  of ma tu r i ty  achieved, 
f o l l o w i n g  t h e  i n o c u l a t i o n  o f  t h e  mice w i t h  l a rvae  i r r a d i a t e d  
for 12 and 1 4  seconds .  I f  a d u l t  females  could be obtained,  
i t  c o u l d  t h e n  be assumed t h a t  t h e  microwave r a d i a t i o n  had in-  
duced s t e r i l i t y ,  e i t h e r  i n  t h e  male, t h e  female,  o r  both,  An 
a d d i t i o n a l  s t u d y  c o u l d  be of  i n t e r e s t  by i r r a d i a t i n g  t h e  lax-  
vae  f o r  l o n g e r  p e r i o d s  of  t i m e  a t  lower power s e t t i n g s ,  so  
t h a t  less h e a t i n g  would o c c u r .  Th i s  s tudy  could e s t a b l i s h  i f  
t h e  l a r v a e  are af f e e t e d  by h e a t ,  r a d i a t i o n ,  o r  a  combination 
o f  b o t h .  With f a c i l i t i e s  a v a i l a b l e ,  it would be of some in -  
t e r e s t  t o  r e p e a t  t h e  exper iments  done i n  t h i s  study with d i f -  
f e r e n t  h o s t  a n i m a l s  such  as r a b b i t s  and p i g s .  This would be 
o f  i n t e r e s t  t o  e s t a b l i s h  i f  t h e  h o s t  t i s s u e  p r o t e c t s  t h e  l a r -  
v a e  from t h e  e f f e c t s  of  microwave r a d i a t i o n ,  and f u r t h e r  if 
changes  i n  t h e  q u a l i t y  o f  s k e l e t a l  muscle used f o r  human con- 
sumption i s  changed by microwave a c t i o n .  The app l i ca t ion  of 
such  p r o c e d u r e s  i n  c o n t r o l l i n g  t r i c h i n o s i s  i n  human popula- 
t i o n s  would b e  o f  g r e a t  i n t e r e s t .  
CONCLUSION 
The i n f e c t i v i t y  of - T.  s p i r a l i s  l a r v a e  of t h e  mice 
used i n  t h i s  s t u d y  was de termined by examining the  diaphragm 
of t h e  m i c e .  I s o l a t e d  l a r v a e  of T. s p i r a l i s ,  when exposed t o  
microwave r a d i a t i o n ,  w e r e  rendered  unable t o  reproduce at t h e  
exposure t i m e  of 1 2  seconds .  Exposure time of 8 seconds 
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produced a pronounced fewer number of  l a rvae  than the unir- 
r a d i a t e d  c o n t r o l s ,  o r  l a r v a e  i r r a d i a t e d  f o r  l e s s  time, Lar- 
vae still encys t ed  i n  muscle, when exposed t o  microwave radi-  
a t i o n  a t  t h e  18 second exposure t i m e  were rendered unable t o  
reproduce.  Exposure of  1 4  seconds produced a pronounced few- 
er number of l a r v a e  than  d i d  t h e  un i r rad ia ted  control  o r  l a r -  
vae exposed t o  r a d i a t i o n  f o r  l e s s  t i m e .  
Larvae i r r a d i a t e d  i n  t h e  ca rcass  appear t o  be pro- 
t e c t e d  by t h e  c a r c a s s  i n  some manner. I t  remains t o  be deter- 
mined i f  t h i s  i s  due t o  t h e  f a c t  t h a t  microwaves do not pen- 
e t r a t e  through t h e  muscle o r  i f  microwaves a r e  absorbed by 
t h e  c a r c a s s .  It a l s o  was n o t  determined i f  i r r ad i a t ed  l a r -  
vae w e r e  unab le  t o  reach  matur i ty  o r  i f  they reached maturity 
b u t  w e r e  s t e r i l e .  
I t  was determined t h a t  exposure t o  microwave radia- 
t i o n  does  have an e f f e c t  on t h e  l i f e  cycle  of T. - s p i r a l i s .  
This  ev idence  cou ld  prove very  b e n e f i c i a l  i n  t he  ul t imate 
e l i m i n a t i o n  of f u t u r e  T.  - s p i r a l i s  i n f ec t ions  i n  humans. 
F u r t h e r  s t u d i e s  of  t h i s  problem a r e  suggested by 
the use  of  microwave r a d i a t i o n  upon in fec ted  pork meat, s ince  
t h i s  i s  a m a j o r  source  of - T. s p i r a l i s  i n f ec t ions  for humans. 
Also s tudy ing  t h e  e f f e c t  of r a d i a t i o n  upon T.  - s p i r a l i s ,  t o  
determine i f  l a r v a e  w e r e  rendered s ter i le  o r  unable t o  reach 
m a t u r i t y ,  would enhance t h e  knowledge of the  l i f e  cycle of 
the p a r a s i t e  and i t s  reproduc t ive  c a p a b i l i t i e s .  
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